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Project Objective 
The goal of this project is to predict thermodynamics and structure-properties relationships of a 
series of Li-based alloys for the development of advanced tritium breeding materials that exhibit 
the beneficial properties of pure lithium while mitigating its chemical reactivity issues for fusion 
applications. This project makes use of phenomenological thermodynamics based on the 
CALPHAD (CALculation of PHAse Diagrams), and the use of the Thermo-Calc software (see 
Appendix A), and experimental calorimetric data and structural characterization for the purpose 
of validating the data. The initial selection of Sn and Zn as solutes is considered in this first 
report. Originally Li-Sn alloys have shown promise in meeting tritium breeding ratio (TBR) and 
energy multiplication requirements.  However with the addition of Zn, we expect an 
improvement in the nuclear, thermal, and chemical requirements of the working fluid. Other 
substitutes will be considered once neutronic calculations are carried out. 
Hence the objective of this first task is to carry out a thermodynamic assessment of the Li-Sn-Zn 
alloy system, as part of the development of a self-consistent and validated thermodynamic 
database that will include other solute elements for optimizing the properties of blanket materials 
in fusion-based reactors. This obviously involves the thermodynamic assessment of the three 
binary subsystems, namely Li-Sn, Li-Zn, and Sn-Zn. 
 
I. Thermodynamic assessment of the three binary, Li-Sn, Li-Zn, and Sn-Zn alloy systems 

The crystal structure data for the two binaries, Li-Sn and Li-Zn is shown in Table I, whereas for 
Sn-Zn, no other phases than those associated with the pure elements Sn and Zn exist. 
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Table I. Crystal structure data for Li-Sn (top) and Li-Zn alloys (bottom). 

 

The known phase diagrams of the three binary systems from Ref. [1] are shown in Fig. 1. 

 

  

Figure 1. Assessed phase diagrams 
according to: Sangster and Bale [2] for 
Li-Sn (top), Liang et al. [3] for Li-Zn 
(middle), and Doi et al. [4] for Sn-Zn 
(bottom). All three phase diagrams are 
taken from Ref. [1]. 
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In the case of Li-Sn, a newest version of the phase diagram was proposed in 2006, and is shown 

in Fig. 2. 

 
 

Regarding the pure elements the melting points reported in Table 2 show that Li has the lowest 

melting point, which explain why Li has been the favored materials for fusion blanket. 

 

Element Melting Point (oC) Ground-state Structure 
Li 181 β: bcc, A2 (α: hcp, A3) 
Sn 232 β: bct, A5 (α: diamond, A4) 
Zn 420 hcp, A3 

Table II. Melting point of the pure elements Li, Sn, and Zn (Cf. Appendix C for more details). 

Figure 2. Assessed Li-Sn phase 
diagrams according to: Du et al. [5]. 
The phase diagram is taken from Ref. 
[1]. 
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However since Li is highly chemically reactive with air, water, and other compounds, alloying 

seems to be a legitimate route to reduce the chemical reactivity. The addition of Sn would 

improve the properties of Li, although, as shown in the phase diagram displayed in Fig. 1 (top), 

in the highly Li-rich region of the phase diagram, very stable compounds, Li17Sn4, Li7Sn2, 

Li13Sn5, Li5Sn2, and Li7Sn3 form: the first two transform congruently into the liquid phase at high 

temperature (758 and 783 oC) whereas the other three compounds go through eutectoid or 

eutectic reactions, also at much higher temperatures than the melting temperature of Li. Since the 

phase diagram of Sn-Zn, see Fig. 1 (bottom) only displays a simple eutectic reaction at 191 oC, 

close to the melting point of Li, and the Li-Zn phase diagram, see Fig. 1 (middle), shows an 

eutectic reaction at 162 oC and about 5 at. % Zn, below the melting point of Li, a possibility 

exists that the combination of Sn and Zn in Li may satisfy the requirements, and at the same time 

maintains a low melting point in an optimum composition range of the Li-rich ternary alloy. 

An extensive literature search has been done on available thermodynamic assessments for these 

three alloy systems. For Li-Sn, a thermodynamic optimization has been proposed by Du et al. in 

2006 [5], and experimental thermodynamic data by Knudsen effusion mass spectrometry by 

Henriques et al. have been reported in 2014 [6]. For Li-Zn, only one thermodynamic assessment 

has been performed by Liang et al. in 2008 [7] that has been used in the assessment of the 

ternary system Al-Li-Zn in 2011 by Guo et al. [8]. Finally for Sn-Zn, several assessments have 

been performed in the context on thermodynamic studies of ternary system: 1) Ohtani et al. in 

the case of Sn-Ag-Zn in 1999 [9]; 2), Cui et al. in the cased of In-Sn-Zn in 2001 [10]; 3) Doi et 

al. in the case of Sn-Ti-Zn in 2006 [4]; 4) Vizdal et al. in the case of Bi-Sn-Zn in 2007 [11]; 5) 

Yang et al. in the case of Sn-Bi-Zn in 2008 [12]; 6) Huang et al. in the case of Sn-Zn-Cu in 2009 

[13]; and 7) Vassilev et al. in the case of Ag-Sn-Zn [14]. 
 
A critical analysis of the available data led to the following selecting to build up the 

thermodynamic database for the three binary subsystems that make up the ternary Li-Sn-Zn as 

reported in Table III 

 

Binary Alloy Authors Year Reference # 
Li-Sn Du et al. 2006 [5] 
Li-Zn Liang et al. 2008 [7] 
Sn-Zn Huang et al. 2009 [13] 

Table III. Thermodynamic data selection for the three binary subsystems, Li-Sn, Li-Zn, and Sn-Zn. 
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Some modifications have been made to the thermodynamic data to make the Gibbs energy 

models compatible among the three binary alloys, and also correct some artifacts generated with 

the proposed data. 

In terms of thermodynamic modeling for the Gibbs energy for each phase of the three alloy 

systems the following has to be considered: 

Li-Sn: the liquid and LiSn are treated as solution phases whereas Li17Sn4, Li7Sn2, Li13Sn5, Li5Sn2, 

Li7Sn3, and Li2Sn5 are treated as compounds. 

Li-Zn: the liquid, bcc (A2), hcp (A3), LiZn, Li2Zn3, Li2Zn5, and LiZn4 are treated as solid 

solutions whereas Li9Zn4, and Li3Zn2 are treated as compounds. 

Sn-Zn: the liquid, bct (A5), and hcp are treated as solid solutions.  

The current thermodynamic database is given in Appendix B, and the thermodynamically 

assessed equilibrium phase diagrams of the three binary subsystems Li-Sn, Li-Zn, and Sn-Zn, 

based on the CALPHAD methodology, are given in Figs. 3, 4, and 5, respectively. 

 

 

 

Figure 3. CALPHAD 
assessment of the Li-Sn 
phase diagram. 
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Figure 4. CALPHAD 
assessment of the Li-Zn 
phase diagram. 
 

Figure 5. CALPHAD 
assessment of the Sn-Zn 
phase diagram. 
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II. CALPHAD-based thermodynamic modeling of the Li-Sn-Zn phase diagram 

The thermodynamic data of three binaries, Li-Sn, Li-Zn, and Sn-Zn, have been put together in a 

consistent way, see Appendix B, to calculate isothermal sections of the ternary Li-Sn-Zn alloy 

system. At this point, since no experimental data are available for this ternary alloy system at any 

composition, it was assumed that no ternary compounds were formed, and that there was no 

contribution to the excess Gibbs energy, !Gmix
xs , of any phase (solid, liquid, or gas), given by Eq. 

A6 of Appendix A, coming from a ternary interaction !LIJK  that would lead to the following 

extra contribution: 
!GIJK = cIcJcK

!LIJK
 

It is worth noting that there is little evidence for the need for interaction terms of any higher 

order than this, and prediction of the thermodynamic properties of substitutional solution phases 

in multi-component alloys is usually based on an assessment of binary and ternary terms. 

The isothermal sections of the ternary phase diagram are given in the Muggianu representation 

[15], which is the most common one used for describing the thermodyanmics of multi-

component alloys, and the results are shown in Fig. 6. 
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Figure 6. Summary of the thermodynamis in terms of binary phase diagram data for Li-Sn, Li-Zn, and Sn-
Zn that are used to predict the phase properties in the ternary Li-Sn-Zn alloy system. 
 
 
In the following the predicted phase diagram of the ternary Li-Sn-Zn system is presented with: 

first a few isothermal sections in the high Li-content corner of the phase diagram at various 

temperatures, see Figs. 7 and 8; second, two isothermal sections at 973 K (700 oC) and 673 K 

(400 oC), see Fig. 9; and third the predicted liquidus surface at high Li-content for the ternary Li-

Sn-Zn alloy system, see Fig. 10. 
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Figure 7. Predicted isothermal sections at 
various temperatures of the ternary Li-
Sn-Zn alloy phase diagram at high Li-
content. Besides multi-phase fields, the 
region of stability of the liquid phase is 
located in the lower left corner of the 
isothermal sections. Note that the tie-
lines are indicated in green. The phase 
regions for the isothermal sections at 973 
and 673 K are clearly indicated in Figs. 8 
and 9. 
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Figure 8. High Li-content portions of the predicted isothermal sections of the ternary Li-Sn-Zn alloy 
phase diagram from 523 K to 973 K. Besides multi-phase fields, the region of stability of the liquid phase 
is located in the lower left corner of the isothermal sections. Note that the tie-lines are indicated in green.  
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Two typical isothermal sections of the Li-Sn-Zn phase diagram are shown in Fig. 9 at 973 K 

(700 oC) and 673 K (400 oC). 

 

 
 

 
 
Figure 9. Predicted isothermal sections of the ternary Li-Sn-Zn alloy system at 973 K (700 oC) and 673 K 
(400 oC). 
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The isothermal sections of the ternary Li-Sn-Zn presented in Fig. 7 lead to the definition of the 

liquidus surface at high Li-content shown in Fig. 10 below, with the liquid state located on the 

left side of the figure. It worth noting in Fig. 8 the existence of a two-phase region indicating two 

immiscible liquids (L1 and L2) that, for the current purpose, extends the domain of stability of the 

liquid phase. 

 

 
 
Figure 10. Predicted liquidus surface at high Li-content for the ternary Li-Sn-Zn alloy system. The 
liquidus surface is defined from the isothermal lines from 900 to 300 oC, plus an additional line associated 
with the low temperature of 250 oC. 
 

Conclusions 

The thermodynamic properties of the three binaries Li-Sn, Li-Zn, and Sn-Zn alloy systems have 

been generated, and isothermal sections of the ternary Li-Sn-Zn phase diagram have been 

proposed. Because of the lack of experimental results on calorimetric data (energetics) and phase 

characterization, further validation is required, and these data will provide an opportunity to 

revise and further validate the thermodynamic data for the Li-based alloys.  

Liquid  
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In summary, for the first semester the accomplishments are: 

1. Extensive literature search on phase stability properties of the three subsystems that make 

up the ternary Li-Sn-Zn alloy system alloys has been completed. 

2. Within the CALPHAD framework, the three binary phase diagrams (Li-Sn, Li-Zn, and 

Sn-Zn) have been assessed with a input data from previous assessments. 

3. The thermodynamic data for the three binaries have been put together to study the 

thermodynamic properties and the phase diagram of the ternary Li-Sn-Zn alloy system. 

4. Based on the current thermodynamic description of the ternary Li-Sn-Zn system, that 

would need to be experimentally validated, the liquid state extends in a narrow region of 

solutes Sn and Zn near pure Li. 

5. Besides Sn and Zn, other elements, as indicated in Appendix D, could be considered, 

based solely on how they chemically interact with Li, and the thermodynamic properties 

of the mixtures. However detailed neutronic calculations are required before making any 

decision on their selection. 
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Appendix A. Thermo-Calc Application Software and CALPHAD Modeling 
 

Thermo-Calc version S [A1] is a commercially available software code that fulfills the 

need for critical modeling and analysis of data to: 

• Produce, refine, and analyze multi-component phase diagrams of alloys at relevant 

temperatures for predicting phase stability properties. 

• Determine the solidification path and long-term aging of alloys. 

• Generate isothermal sections of multi-component alloy phase diagrams at relevant 

temperatures, isopleths, and property diagrams (phase fractions as functions of temperature), and 

composition versus temperature for all stable and metastable phases forming. 

• Simulate phase transformations according to the Scheil-Gulliver model (for which local 

equilibria, infinite diffusion in the liquid phase, and no back diffusion in the solid phase are 

assumed). 

Thermo-Calc is specially designed for systems with strongly non-ideal phases. It has 

gained a worldwide reputation as the best software application for calculation of multi-

component phase diagrams. It is the only commercially available software that can calculate 

arbitrary phase diagram sections with up to five independent variables in multi-component 

systems. There are also modules to calculate many other types of properties, such as, Scheil-

Gulliver solidification simulations, Pourbaix diagrams, partial pressures in gases, and more [A1]. 

In the CALPHAD approach [A2-A7], the Gibbs energy of individual phases is modeled, 

and the model parameters are collected in a thermodynamic database. It is the modeling of the 

Gibbs energy of individual phases and the coupling of phase diagram and thermo-chemistry that 

make the CALPHAD a powerful technique in computational thermodynamics of multi-

component materials.  Models for the Gibbs energy are based on the crystal structures of the 

phases. For pure elements and stoichiometric compounds, the most commonly used model is the 

one suggested by the Scientific Group Thermodata Europe (SGTE) [A8] and has the following 

form (for simplicity, the pressure dependence and the magnetic contribution are not shown here), 

Gm !Hm
SER = a+ bT + cT ln(T )+ diT

i"  (A.1) 

The left-hand side of Eq. A.1 is defined as the Gibbs energy relative to a standard element 

reference state (SER), where Hm
SER  is the enthalpy of the element in its stable state at 298.15 K and 1 bar 

of pressure.  Coefficients, a, b, c, and di are the model parameters. The SGTE data for all the pure 

elements of the periodic table have been compiled by Dinsdale [A8]. 

For multi-component solution phases, the Gibbs energy has the following general expression 

[A2,A3,A6A7], 



 18 

G =Go +Gmix
ideal +Gmix

xs  (A.2) 

where Go  is the contribution from the mechanical mixing of the pure components, Gmix
ideal  is the ideal 

mixing contribution, and Gmix
xs  is the excess Gibbs energy of mixing due to non-ideal interactions. 

Sublattice models have been widely used to describe solution phases [A3, A6, A7]. For example, for a 

simple phase with two sublattices in an A-B binary system where the two components enter both 

sublattices, the sublattice model is written as (A,B)p(A,B)q, where subscripts p and q denote the number 

of sites of each sublattice.  More specifically, the three terms in Eq. A.2 are written as, 

Go = yA
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where yI and yII are the site fractions of A or B in the first and second sublattices, respectively. 

GI:J
o  is the Gibbs energy of the compound IpJq, expressed by Eq. 1.  LA,B:*

k  ( L*:A,B
k ) is the kth order 

interaction parameter between component A and B in the first (second) sublattice.  In this 

notation, a colon separates components occupying different sublattices, and a comma separates 

interacting components in the same sublattice. These equations can be generalized for phases 

with multi-components and multi-sublattices, and they reduce to a random substitutional model 

when there is only one sublattice. 

For a multi-component solution in a particular phase Φ described with a single sublattice model, 

the three contributions to the total Gibbs energy reduce to [A3, A6, A7]: 
!Go = cI

I
" !GI

o  

!Gmix
ideal = RT cI

I
" lncI  (A.6) 

!Gmix
xs = cI

J>I
" cJ

I
" !LI ,J

k

k
" cI # cJ( )k  

where the molar Gibbs energy of mixing is expressed by a Redlich-Kister expansion [A9].  In 

these expressions cI  is the composition of the alloy in species I, and the LI ,J
k is the kth-order 

binary interaction parameter between species I and J usually expressed as a first-order 

polynomial in temperature T: LI ,J
k = aI ,J

k + bI ,J
k T . Note that in both sets of expressions the excess 
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Gibbs energy due to non-ideal contributions is expressed within the Muggianu approximation 

[A10]. 

It is worth mentioning that data generated with the Thermo-Calc software also provide the 

basis for more accurate predictions of diffusion kinetics and ultimately TTT (temperature-time-

transformations) diagrams with the DICTRA software [A1, A11] by assuming diffusion both in 

the liquid and the solid phase. Note that the results of both equilibrium solidification and Scheil-

Gulliver simulations generated by Thermo-Calc correspond to upper and lower bounds for the 

DICTRA results. 

Input data files used by Thermo-Calc are: KP (Kaufman binary alloys database), SSOL5 

(Scientific Group Thermodata Europe, or SGTE, solution database), from published journals, 

and/or from qualified sources. Here to describe the selected alloys systems, a thermodynamic 

database has been developed. 
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Appendix B. Thermodynamic database “LSF_F.TDB” for Li-Sn, Li-Zn, and Sn-Zn 
 

The following TDB file is used in conjunction with the Thermo-Calc software [B1] to calculate 

equilibrium phase diagrams and other thermodynamic properties. 

The data for the pure elements are obtained from the SGTE database (SSOL5) as reported by 

Dinsdale [B2]. For the gas phase, the data have been collected for the PURE4 database 

 
First the thermodynamic data are given in accordance with the formalism described in Appendix 

A. Then follows the description of the thermodynamic data file (LSZ_F.TDB) as used by the 

Thermo-Calc software. 

 
****************** Li-Sn ******************* 

 
Zhenmin Du, Zhenquan Jiang, and Cuiping Guo, “Thermodynamic optimizing of the Li-Sn 
system”, Z. für Metallkd. 97, 10-16 (2006). 
 
Liquid – Model (Li,Sn)1 
L(LIQUID,LI,SN;0)  -121142.2+24.0000*T 
L(LIQUID,LI,SN;1)  -87650.9+24.0000*T 
L(LIQUID,LI,SN;2)  -11383.3-8.7985*T 
L(LIQUID,LI,SN;3)  +37847.8-37.6298*T 
 
bcc_A2 – Model (Li,Sn)1 
G(BCC_A2, SN:VA;0))  +4400.0-6.0000*T+GHSERSN  100.0–3000.0 K 
L(BCC_A2,LI,SN;VA;0)  -92821.4-19.3685*T 
L(BCC_A2,LI,SN:VA;1)  -79522.7 
 
Diamond_A4 – Model (Sn)1(VA)1 
G(DIAMOND_A4,SN:VA)  -9579.608+114.007785*T-22.972*T*LN(T)-
0.00813975*T**2+2.7288E-06*T**3+25615*T**(-1)  100.00–298.15 K 
G(DIAMOND_A4,SN:VA)  -9063.001+104.84654*T-21.5750771*T*LN(T)-
0.008575282*T**2+1.784447E-06*T**3+25615*T**(-1) 298.15–800.00 K 
G(DIAMOND_A4,SN:VA)  -10909.351+147.396535*T-28.4512*T*LN(T) 800.00–3000.00 K 
 
Li22Sn5 – Model (Li)22(Sn)5 
G(LI22SN5,LI:SN;0)  -1095242.7+270.00*T+22*GHSERLI+5*GHSERSN 
 
Li7Sn2 – Model (Li,Sn)7(Sn)2 
G(LI7SN2,LI:SN;0)  -383551.0+81.00*T+7*GHSERLI+2*GHSERSN 
G(LI7SN2,SN:SN;0)  +27000.0 +9*GHSERSN 
G(LI7SN2,LI,SN:SN;0)  +979887.1+9.0115*T 
G(LI7SN2,LI,SN:SN;1)  -1457538.4+27.5363*T 
 
Li8Sn3 – Model (Li)8(Sn)3 
G(LI8SN3,LI:SN;0)  -477620.1+90.00*T+8*GHSERLI+3*GHSERSN 
 
Li13Sn5 – Model (Li)13(Sn)5 
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G(LI3SN5,LI:SN;0)  -780902.1+145.00*T+13*GHSERLI+5*GHSERSN 
 
Li5Sn2 – Model (Li)5(Sn)2 
G(LI5SN2,LI:SN;0)  -302420.0+54.00*T+5*GHSERLI+2*GHSERSN 
 
Li7Sn3 – Model (Li)7(Sn)3 
G(LI7SN3,LI:SN;0)  -428079.0+75.00*T+7*GHSERLI+3*GHSERSN 
 
LiSn – Model (Li)1(Li,Sn)\1 
G(LISN,LI:SN;0)  -73198.3+9.85*T+GHSERLI+GHSERSN 
G(LISN,LI:LI;0)  +6000.00+2*GHSERLI 
G(LISN,LI:LI,SN;0)  -45169.2 
G(LISN,LI:LI,SN;1)  +34205.5 
 
Li2Sn5 – Model (Li)2(Sn)5 
G(LI2SN5,LI:SN;0) = -196683.0+90.00*T+2*GHSERLI+5*GHSERSN 
 

****************** Li-Zn ******************* 
 
Cuiping Guo, Yu Liang, Changrong Li, and Zhenmin Du, “Thermodynamic description of the 
Al–Li–Zn system”, CALPHAD 35, 54-65 (2011).  N. B.: the three binaries are described in other 
papers: Al-Li in Hallstedt et al. (2007), Al-Zn in Mathon et al. (2000), and Li-Zn in Liang et al. 
(2008). 
 
Liquid – Model (Li,Zn)1 
L(LIQUID,LI,ZN;0)  -45258.6+26.3677*T 
L(LIQUID,LI,ZN;1)  +22887.2-4.1921*T 
L(LIQUID,LI,ZN;2)  -4552.6+4.0715*T 
 
fcc_A1 – Model (Li,Zn)1 
G(FCC_A1,LI;0) = -108+1.3*T+GHSERLI  200.0–3000.0 K 
G(FCC_A1,ZN;0) = +2969.82-1.56968T+GHSERZN  298.15–1700.0 K 
 
bcc_A2 – Model (Li,Zn)1 
G(BCC_A2, ZN;0) = +2886.96-2.5104*T+GHSERZN  298.15–1700.0 K 
L(BCC_A2,LI,ZN:VA;0)  -54260.4+45.7720*T 
L(BCC_A2,LI,ZN:VA;2)  +25153.3 
 
hcp_A3 – Model (Li,Zn)1 
G(HCP_A3,LI;0) = -154+2*T+GHSERLI  200.0–3000.0 K 
G(HCP_A3,ZN;0) = +GHSERZN  298.15–1700.0 K 
L(HCP_A3,LI,ZN:VA;0)  -29301.5−0.2586*T 
L(HCP_A3,LI,ZN:VA;1)  +15702.2+3.5167*T 
 
B32 – Model (Li,Zn)0.5 (Li,Zn)0.5 
G(B32,LI:ZN;0) = G(B32,ZN:LI;0) = −26930.7+10.0062*T 
L(B32,LI,ZN:LI;0) = L(B32,LI:LI,ZN;0) = -26474.4+30.2611*T 
L(B32,LI,ZN:LI;1) = L(B32,LI:LI,ZN;1) = -11635.9+1.4065*T 
L(B32,LI,ZN:ZN;0) = L(B32,ZN:LI,ZN;0) = -13623.4+1.7890*T 
L(B32,LI,ZN:ZN;1) = L(B32,ZN:LI,ZN;1) = -4786.0-4.0231*T 
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β Li2Zn3 – Model (Li,Zn)2(Li,Zn)3 
G(Li2Zn3_B,LI:ZN;0) = +2*GHSERLI+3*GHSERZN-84218.4+27.7580*T 
G(Li2Zn3_B,ZN:LI;0) = +2*GHSERZN+3*GHSERLI+84218.4-27.7580*T 
G(Li2Zn3_B,LI:LI;0) = +5*GHSERLI+9307.8 
G(Li2Zn3_B,ZN:ZN;0) = +5*GHSERZN+9307.8 
L(Li2Zn3_B,LI,ZN:LI;0) = L(Li2Zn3_B,LI,ZN:ZN;0) = -87667.3+59.7976*T 
L(Li2Zn3_B,LI,ZN:LI;1) = L(Li2Zn3_B,LI,ZN:ZN;1) = +49513.8-70.0108*T 
L(Li2Zn3_B,LI:LI,ZN;0) = L(Li2Zn3_B,ZN:LI,ZN;0) = +7367.6+6.9984*T 
L(Li2Zn3_B,LI:LI,ZN;1) = L(Li2Zn3_B,ZN:LI,ZN;1) = +8734.9-11.9000*T 
 
α Li2Zn3 – Model Li2(Li,Zn)3 
G(Li2Zn3_A,LI:ZN;0) = +2*GHSERLI+3*GHSERZN-85329.5+30.2362*T 
G(Li2Zn3_A,LI:LI;0) = +5*GHSERLI+19964.61 
L(Li2Zn3_A,LI:LI,ZN;0) = -7720.6+12.5469*T 
L(Li2Zn3_A,LI:LI,ZN;1) = +1001.2+1.0073*T 
 
β Li2Zn5 – Model (Li,Zn)2(Zn)5 
G(Li2Zn5_B,LI:ZN;0) = +2*GHSERLI+5*GHSERZN-122836.0+51.4932*T 
G(Li2Zn5_B,ZN:ZN;0) = +7*GHSERZN+26766.0 
L(Li2Zn5_B,LI,ZN:ZN;0) = -13440.5 
L(Li2Zn5_B,LI,ZN:ZN;1) = -21665.2 
 
α Li2Zn5 – Model (Li,Zn)2(Zn)5 
G(Li2Zn5_A,LI:ZN;0) = +2*GHSERLI+5*GHSERZN-123038.9+51.8671*T 
G(Li2Zn5_A,ZN:ZN;0) = +7*GHSERZN+12169.3 
L(Li2Zn5_A,LI,ZN:ZN;0) = -12463.9 
 
LiZn2 – Model Li(Zn)2 
G(LiZn2,LI:ZN;0) = +GHSERLI+2*GHSERZN-53133.9+23.4266*T 
 
β LiZn4 – Model (Li,Zn)0.2(Li,Zn)0.8 
G(LiZn4_B,LI:ZN;0) = -191.117297-0.0855*T 
G(LiZn4_B,ZN:LI;0) = +191.117297+0.0855*T 
L(LiZn4_B,LI:LI,ZN;0) = +20574.6225-7.4146*T 
L(LiZn4_B,ZN:LI,ZN;0) = +19682.1-7.8141*T 
L(LiZn4_B,LI:LI,ZN;1) = 1LβLiZn4.Zn:Li,Zn = -29447.8+33.0299*T 
L(LiZn4_B,LI,ZN:LI;0) = +4904.8-1.9606*T 
L(LiZn4_B,LI,ZN:ZN;0) = +5159.5-1.8466*T 
L(LiZn4_B,LI,ZN:LI;1) = 1LβLiZn4.Li,Zn:Zn = -7361.9+8.2575*T 
 
α LiZn4 – Model (Li,Zn)(Li,Zn)4 
G(LiZn4_A,LI:ZN;0) = +GHSERLI+4*GHSERZN-78372.0+43.2115*T 
G(LiZn4_A,ZN:LI;0) = +GHSERZN+4*GHSERLI+78372.0-43.2115*T 
G(LiZn4_A,LI:LI;0) = +5*GHSERLI+15000.0 
G(LiZn4_A,ZN:ZN;0) = +5*GHSERZN+15000.0 
L(LiZn4_A,LI,ZN:LI;0) = L(LiZn4_A,LI,ZN:ZN;0) = -33953.6+20.1515*T 
L(LiZn4_A,LI:LI,ZN;0) = L(LiZn4_A,ZN:LI,ZN;0) = -18698.3+7.7695*T 
 

****************** Sn-Zn ******************* 
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Yu-chih Huang, Sinn-wen Chen, Chin-yi Chou, and Wojciech Gierlotka, “Liquidus projection 
and thermodynamic modeling of Sn–Zn–Cu ternary system”, J. of Alloys and Compounds 477, 
283-290 (2009). 
 
Liquid 
L(LIQUID,SN,ZN;0)  +21360.454-97.1651*T+11.4877*T*LN(T) 
L(LIQUID,SN,ZN;1)  -5137.954-0.1805*T+0.5199*T*LN(T) 
L(LIQUID,SN,ZN;2)  +1716.54532 
 
fcc_A1 
L(FCC_A1,SN,ZN:VA;0)  +59658.680 
 
bcc_A2 
L(BCC_A2,SN,ZN:VA;0)  +12000 
 
bct_A5 
L(BCT_A5,SN,ZN;0)  +6846.010+24.5560*T 
 
hcp_Zn 
L(HCP_ZN,SN,ZN:VA;0)  +21310.7476+65.5652*T 
 

******************************************** 
 
Then follows the description of the thermodynamic data file (LSZ_F.TDB) as used by the 

Thermo-Calc software. 
 
$ Database File *** LSZ_F.TDB *** written on 11/18/2013 
$ 
$ *** Sn-Zn *** 
$ From Ref.10 Y.-C. Huang, S.-W. Chen, C.-Y. Chou, and W. Gierlotka,  
$        Liquidus projection and thermodynamic modeling of Sn-Zn-Cu  
$        ternary system, J. of Alloys and Compounds 477, 283-290 (2009). 
$ 
$ *** Li-Sn *** 
$ From Ref.11 Zhenmin Du, Zhenquan Jiang, and Cuiping Guo, Thermodynamic  
$      optimizing of the Li-Sn system, Z. für Metallkd. 97, 10-16 (2006). 
$ 
$ *** Li-Zn *** 
$ From Ref.12 C. Guo, Y. Liang, C. Li, and Z. Du, Thermodynamic description 
$      of the Al-Li-Zn system, CALPHAD 35, 54-65 (2011). 
$ 
$ Pure Elements from Database: SSOL4 
$                    
 ELEMENT /-   ELECTRON_GAS              0.0000E+00  0.0000E+00  0.0000E+00! 
 ELEMENT VA   VACUUM                    0.0000E+00  0.0000E+00  0.0000E+00! 
 ELEMENT LI   BCC_A2                    6.9410E+00  4.6233E+03  2.9095E+01! 
 ELEMENT SN   BCT_A5                    1.1871E+02  6.3220E+03  5.1195E+01! 
 ELEMENT ZN   HCP_A3                    6.5390E+01  5.6568E+03  4.1631E+01! 
  
 SPECIES LI2                         LI2! 
 SPECIES SN2                         SN2! 
 
 FUNCTION F12239T    298.15  +152984.64+2.33568506*T-21.07772*T*LN(T) 
  +2.515552E-04*T**2-3.41354333E-08*T**3+7690.735*T**(-1); 2400 Y 
   +183390.413-110.69493*T-7.20516*T*LN(T)-.002217371*T**2 
  +2.443155E-08*T**3-11648370*T**(-1); 4800 Y 
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   +109652.446+17.2445126*T-21.24264*T*LN(T)-.0015038825*T**2 
  +3.76717667E-08*T**3+50092500*T**(-1); 8800 Y 
   -72231.6406+344.035356*T-57.87689*T*LN(T)+.0017448465*T**2 
  -1.58650733E-08*T**3+2.178053E+08*T**(-1); 10000 N ! 
 FUNCTION F12319T    298.15  +203319.119+52.2617041*T-37.02637*T*LN(T) 
  -8.421915E-04*T**2-1.078653E-07*T**3+65874.15*T**(-1);  1100 Y 
   +200885.055+48.6776391*T-35.9057*T*LN(T)-.0039990175*T**2 
  +5.08151333E-07*T**3+883657*T**(-1); 1900 Y 
   +137315.894+473.019388*T-93.02457*T*LN(T)+.018440525*T**2 
  -1.12358533E-06*T**3+13866255*T**(-1); 3100 Y 
   +638944.289-1507.74849*T+153.9314*T*LN(T)-.035715045*T**2 
  +1.10781833E-06*T**3-1.776338E+08*T**(-1); 5100 Y 
   -624845.177+1789.13827*T-234.2722*T*LN(T)+.0173718*T**2 
  -2.55232167E-07*T**3+5.95322E+08*T**(-1); 6000 N ! 
 FUNCTION F15456T    298.15  +299805.017-138.265505*T-2.769934*T*LN(T) 
     -.025123235*T**2+2.91121E-06*T**3-225080.65*T**(-1);  500 Y 
      +299818.158-153.051454*T+.006576569*T*LN(T)-.031759785*T**2 
     +5.12529167E-06*T**3-157706.25*T**(-1); 900 Y 
      +259620.873+283.605387*T-63.72523*T*LN(T)+.0132323*T**2 
     -8.43548E-07*T**3+4603149.5*T**(-1); 2000 Y 
      +305551.58+10.5671675*T-27.57385*T*LN(T)+5.86253E-04*T**2 
     -1.41879667E-08*T**3-6339225*T**(-1);  6600 Y 
      +330332.683-10.457896*T-25.61849*T*LN(T)+7.907715E-04*T**2 
     -2.626045E-08*T**3-39037215*T**(-1); 10000 N ! 
 FUNCTION F15470T    298.15  +415023.293-24.2764849*T-36.02127*T*LN(T) 
     -.005866135*T**2+7.95920667E-07*T**3-134064.05*T**(-1);  1100 Y 
      +418717.2-28.8639596*T-36.06067*T*LN(T)-.003023904*T**2 
     +1.82022167E-07*T**3-1196854*T**(-1); 3000 Y 
      +318814.516+319.936469*T-78.71578*T*LN(T)+.0048371295*T**2 
     -7.82327E-08*T**3+41752485*T**(-1);  6000 N ! 
 FUNCTION F15856T    298.15  +124152.804-21.0289709*T-20.897*T*LN(T) 
     +6.65E-05*T**2-5.58E-09*T**3+3335*T**(-1); 4300 Y 
      +104038.336+64.4573272*T-31.558*T*LN(T)+.00230425*T**2 
     -8.82333333E-08*T**3+5389360*T**(-1);  8200 Y 
      +681283.394-922.574932*T+78.50201*T*LN(T)-.0070638*T**2 
     +6.18466667E-08*T**3-5.65175E+08*T**(-1); 10000 N ! 
 
 FUNCTION GHSERLI    200  -10583.817+217.637482*T-38.940488*T*LN(T) 
  +.035466931*T**2-1.9869816E-05*T**3+159994*T**(-1); 453.6 Y 
   -559579.123+10547.8799*T-1702.88865*T*LN(T)+2.25832944*T**2 
  -5.71066077E-04*T**3+33885874*T**(-1); 500 Y 
   -9062.994+179.278285*T-31.2283718*T*LN(T)+.002633221*T**2 
  -4.38058E-07*T**3-102387*T**(-1); 3000 N ! 
 FUNCTION GHSERSN  100  -7958.517+122.765451*T-25.858*T*LN(T) 
  +5.1185E-04*T**2-3.192767E-06*T**3+18440*T**(-1); 250 Y 
   -5855.135+65.443315*T-15.961*T*LN(T)-.0188702*T**2+3.121167E-06*T**3 
  -61960*T**(-1); 505.08 Y 
   +2524.724+4.005269*T-8.2590486*T*LN(T)-.016814429*T**2 
  +2.623131E-06*T**3-1081244*T**(-1)-1.2307E+25*T**(-9); 800 Y 
   -8256.959+138.99688*T-28.4512*T*LN(T)-1.2307E+25*T**(-9); 3000 N REF0 ! 
 FUNCTION GHSERZN  298.15  -7285.787+118.470069*T-23.701314*T*LN(T) 
 -.001712034*T**2-1.264963E-06*T**3; 692.68 Y 
   -11070.559+172.34566*T-31.38*T*LN(T)+4.70514E+26*T**(-9); 1700 N REF0 ! 
 FUNCTION GHCPSN  298.15  +3900.0-4.40*T+GHSERSN#; 3000 N REF0 ! 
 
 FUNCTION GLIQLI  200  +2700.205-5.795621*T+GHSERLI#; 250 Y 
  +12015.027-362.187078*T+61.6104424*T*LN(T)-.182426463*T**2 
   +6.3955671E-05*T**3-559968*T**(-1); 453.6 Y 
  -6057.31+172.652183*T-31.2283718*T*LN(T)+.002633221*T**2-4.38058E-07*T**3 
   -102387*T**(-1); 500 Y 
  +3005.684-6.626102*T+GHSERLI#; 3000 N REF:0 ! 
 FUNCTION GLIQSN  100  -855.425+108.677684*T-25.858*T*LN(T) 
  +5.1185E-04*T**2-3.192767E-06*T**3+18440*T**(-1)+1.47031E-18*T**7; 250 Y 
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   +1247.957+51.355548*T-15.961*T*LN(T)-.0188702*T**2+3.121167E-06*T**3 
  -61960*T**(-1)+1.47031E-18*T**7; 505.08 Y 
   +9496.31-9.809114*T-8.2590486*T*LN(T)-.016814429*T**2 
  +2.623131E-06*T**3-1081244*T**(-1); 800 Y 
   -1285.372+125.182498*T-28.4512*T*LN(T); 3000 N REF2 ! 
 FUNCTION GLIQZN  298.15  -128.574+108.177079*T-23.701314*T*LN(T) 
  -.001712034*T**2-1.264963E-06*T**3-3.58958E-19*T**7; 692.68 Y 
   -3620.391+161.608594*T-31.38*T*LN(T); 1700 N REF2 ! 
 FUNCTION GBCTZN  2.98.15  -4398.827+115.959669*T-23.701314*T*LN(T) 
 -.001712034*T**2-1.264963E-06*T**3; 692.68 Y 
   -8183.599+169.83526*T-31.38*T*LN(T)+4.70514E+26*T**(-9); 1700 N REF0 ! 
 FUNCTION GBCCSN  100  +4400-6*T+GHSERSN#; 3000 N REF0 ! 
 FUNCTION GBCCZN   298.15  +2886.96-2.5104*T+GHSERZN#; 6000 N ! 
 FUNCTION GDIASN  100  -9579.608+114.007785*T-22.972*T*LN(T) 
  -.00813975*T**2+2.7288E-06*T**3+25615*T**(-1); 298.15 Y 
   -9063.001+104.84654*T-21.5750771*T*LN(T)-.008575282*T**2 
  +1.784447E-06*T**3-2544*T**(-1); 800 Y 
   -10909.351+147.396535*T-28.4512*T*LN(T); 3000 N REF11 ! 
 FUNCTION GFCCLI  200  -10691.817+218.937482*T-38.940488*T*LN(T) 
  +.035466931*T**2-1.9869816E-05*T**3+159994*T**(-1); 453.60 Y 
   -559687.123+10549.1799*T-1702.88865*T*LN(T)+2.25832944*T**2 
  -5.71066077E-04*T**3+33885874*T**(-1); 500 Y 
   -9170.994+180.578285*T-31.2283718*T*LN(T)+.002633221*T**2 
  -4.38058E-07*T**3-102387*T**(-1); 3000 N REF0 ! 
  FUNCTION GFCCSN  298.15  -345.135+56.983315*T-15.961*T*LN(T) 
  -.0188702*T**2+3.121167E-06*T**3-61960*T**(-1); 505.08 Y 
   +8034.724-4.454731*T-8.2590486*T*LN(T)-.016814429*T**2+2.623131E-06*T**3 
  -1081244*T**(-1)-1.2307E+25*T**(-9); 800 Y 
   -2746.959+130.53688*T-28.4512*T*LN(T)-1.2307E+25*T**(-9); 3000 N REF0 ! 
 FUNCTION GHCPLI  200        -154+2.00*T+GHSERLI#; 3000 N REF0 ! 
 FUNCTION GHCPSN  298.15  +3900.0-4.40*T+GHSERSN#; 3000 N REF0 ! 
 
 FUNCTION R        100  8.314510; 10000 N ! 
 FUNCTION UN_ASS 298.15 0; 300 N ! 
 
 TYPE_DEFINITION % SEQ *! 
 DEFINE_SYSTEM_DEFAULT ELEMENT 2 ! 
 DEFAULT_COMMAND DEF_SYS_ELEMENT VA /- ! 
 
 
 PHASE GAS:G %  1  1.0  ! 
    CONSTITUENT GAS:G :LI,LI2,SN,SN2,ZN :  ! 
 
   PARAM G(GAS,LI;0)  298.15 +F12239T#+R#*T*LN(1E-05*P); 6000 N REF6940 ! 
   PARAM G(GAS,LI2;0) 298.15 +F12319T#+R#*T*LN(1E-05*P); 6000 N REF6966 ! 
   PARAM G(GAS,SN;0)  298.15 +F15456T#+R#*T*LN(1E-05*P); 6000 N REF8719 ! 
   PARAM G(GAS,SN2;0) 298.15 +F15470T#+R#*T*LN(1E-05*P); 6000 N REF8729 ! 
   PARAM G(GAS,ZN;0)  298.15 +F15856T#+R#*T*LN(1E-05*P); 6000 N REF8881 ! 
 
 
 PHASE LIQUID:L %  1  1.0  ! 
    CONSTITUENT LIQUID:L :LI,SN,ZN :  ! 
 
   PARAM G(LIQUID,LI;0)  200     +GLIQLI#; 3000 N REF:0 ! 
   PARAM G(LIQUID,SN;0)  100     +GLIQSN#; 3000 N REF2 ! 
   PARAM G(LIQUID,ZN;0)  298.15  +GLIQZN#; 6000 N REF0 ! 
   PAR L(LIQUID,LI,SN;0) 200       -121142.2+24.0000*T; 3000 N REF11 ! 
   PAR L(LIQUID,LI,SN;1) 200        -87650.9+24.0000*T; 3000 N REF11 ! 
   PAR L(LIQUID,LI,SN;2) 200         -11383.3-8.7985*T; 3000 N REF11 ! 
   PAR L(LIQUID,LI,SN;3) 200        +37847.8-37.6298*T; 3000 N REF11 ! 
   PAR L(LIQUID,LI,ZN;0) 298.15   -45258.58+26.36767*T; 6000 N REF12 ! 
   PAR L(LIQUID,LI,ZN;1) 298.15   +22887.212-4.19207*T; 6000 N REF12 ! 
   PAR L(LIQUID,LI,ZN;2) 298.15      -4552.57+4.0715*T; 6000 N REF12 ! 
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   PAR L(LIQUID,SN,ZN;0) 298.15 +21360.454-97.1651*T+11.4877*T*LN(T);  
  6000 N REF10 ! 
   PAR L(LIQUID,SN,ZN;1) 298.15    -5137.954-0.1805*T+0.5199*T*LN(T);  
  6000 N REF10 ! 
   PAR L(LIQUID,SN,ZN;2) 298.15                          +1716.54532;  
  6000 N REF10 ! 
 
 
 PHASE AL2LI3  %  2 2   3 ! 
    CONSTITUENT AL2LI3  :ZN : LI :  ! 
 
   PARAM G(AL2LI3,ZN:LI;0)  298.15  +2*GHSERZN#+3*GHSERLI#+15000;  
  6000 N REF12 ! 
 
 
 PHASE AL4LI9  %  2 4   9 ! 
    CONSTITUENT AL4LI9  :ZN : LI :  ! 
 
   PARAM G(AL4LI9,ZN:LI;0)  298.15  +4*GHSERZN#+9*GHSERLI#+39000;  
  6000 N REF12 ! 
 
 
 PHASE ALI2M3  %  2 2   3 ! 
    CONSTITUENT ALI2M3  :LI : LI,ZN :  ! 
 
   PARAM G(ALI2M3,LI:LI;0)  298.15 +5*GHSERLI#+19964.61; 6000 N REF12 ! 
   PARAM G(ALI2M3,LI:ZN;0)  298.15  +2*GHSERLI#+3*GHSERZN#-85329.52 
  +30.2362*T; 6000 N REF12 ! 
   PARAM G(ALI2M3,LI:LI,ZN;0) 298.15 -7720.57+12.5469*T; 6000 N REF12 ! 
   PARAM G(ALI2M3,LI:LI,ZN;1) 298.15 +1001.18+1.00731*T; 6000 N REF12 ! 
 
 
 PHASE ALI2M5  %  2 2   5 ! 
    CONSTITUENT ALI2M5  :LI,ZN : ZN :  ! 
 
   PARAM G(ALI2M5,LI:ZN;0)  298.15  +2*GHSERLI#+5*GHSERZN# 
  -123038.907+51.8671*T; 6000 N REF12 ! 
   PARAM G(ALI2M5,ZN:ZN;0)  298.15   +7*GHSERZN#+12169.34;    
  6000 N REF12 ! 
   PAR L(ALI2M5,LI,ZN:ZN;0)  298.15         -12463.8884; 6000 N REF12 ! 
 
 
 PHASE ALIM4  %  2 1   4 ! 
    CONSTITUENT ALIM4  :LI,ZN : LI,ZN :  ! 
 
   PARAM G(ALIM4,LI:LI;0)  298.15     +5*GHSERLI#+15000; 6000 N REF12 ! 
   PARAM G(ALIM4,ZN:LI;0)  298.15  +GHSERZN#+4*GHSERLI#+78372.0478 
  -43.21153*T; 6000 N REF12 ! 
   PARAM G(ALIM4,LI:ZN;0)  298.15  +GHSERLI#+4*GHSERZN#-78372.0478 
  +43.21153*T; 6000 N REF12 ! 
   PARAM G(ALIM4,ZN:ZN;0)  298.15  +5*GHSERZN#+15000; 6000 N REF12 ! 
   PAR L(ALIM4,LI,ZN:LI;0) 298.15 -33953.6335+20.1515*T; 6000 N REF12 ! 
   PAR L(ALIM4,LI:LI,ZN;0) 298.15    -18698.25+7.7695*T; 6000 N REF12 ! 
   PAR L(ALIM4,ZN:LI,ZN;0) 298.15    -18698.25+7.7695*T; 6000 N REF12 ! 
   PAR L(ALIM4,LI,ZN:ZN;0) 298.15 -33953.6335+20.1515*T; 6000 N REF12 ! 
 
  
$ THIS PHASE HAS A DISORDERED CONTRIBUTION FROM BCC_A2                   
 PHASE B32  %  3 .5   .5   3 ! 
    CONSTITUENT B32  :LI,ZN : LI,ZN : VA :  ! 
 
   PARA G(B32,LI:LI:VA;0) 298.15                      +0; 6000 N ! 
   PARAM G(B32,ZN:LI:VA;0) 298.15    -26930.69+10.0062*T; 6000 N REF12 ! 
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   PARAM G(B32,LI:ZN:VA;0) 298.15    -26930.69+10.0062*T; 6000 N REF12 ! 
   PARA G(B32,ZN:ZN:VA;0) 298.15                      +0; 6000 N ! 
   PAR L(B32,LI,ZN:LI:VA;0) 298.15  -26474.38+30.2611*T; 6000 N REF12 ! 
   PAR L(B32,LI,ZN:LI:VA;1) 298.15  -11635.94+1.40651*T; 6000 N REF12 ! 
   PAR L(B32,LI:LI,ZN:VA;0) 298.15  -26474.38+30.2611*T; 6000 N REF12 ! 
   PAR L(B32,LI:LI,ZN:VA;1) 298.15  -11635.94+1.40651*T; 6000 N REF12 ! 
   PAR L(B32,ZN:LI,ZN:VA;0) 298.15    -13623.42+1.789*T; 6000 N REF12 ! 
   PAR L(B32,ZN:LI,ZN:VA;1) 298.15    -4786.18-4.0231*T; 6000 N REF12 ! 
   PAR L(B32,LI,ZN:ZN:VA;0) 298.15    -13623.42+1.789*T; 6000 N REF12 ! 
   PAR L(B32,LI,ZN:ZN:VA;1) 298.15    -4786.18-4.0231*T; 6000 N REF12 ! 
 
 
 TYPE_DEFINITION & GES AMEND_PHASE_DESCRIPTION B32 DIS_PART BCC_A2,,,! 
 PHASE BCC_A2  %&  2 1   3 ! 
    CONSTITUENT BCC_A2  :LI,ZN : VA :  ! 
 
   PARAM G(BCC_A2,LI:VA;0)  200           +GHSERLI#; 3000 N REF:0 ! 
   PARAM G(BCC_A2,SN:VA;0)  100            +GBCCSN#; 3000 N REF11 ! 
   PARAM G(BCC_A2,ZN:VA;0)  298.15         +GBCCZN#; 1700 N REF:0 ! 
$ These next 2 L parameters geenrate a re-entrant bcc in the liq region 
$   PAR L(BCC_A2,LI,SN:VA;0) 200     -92821.4-19.3685*T; 3000 N REF11 ! 
$   PAR L(BCC_A2,LI,SN:VA;1) 200               -79522.7; 3000 N REF11 ! 
   PAR L(BCC_A2,LI,ZN:VA;0) 298.15  -54260.44+45.772*T; 6000 N REF12 ! 
   PAR L(BCC_A2,LI,ZN:VA;1) 298.15            +25153.3; 6000 N REF12 ! 
 
 
 PHASE BCT_A5  %  1  1.0  ! 
    CONSTITUENT BCT_A5  :SN,ZN :  ! 
 
   PARAM G(BCT_A5,SN;0)  100                 +GHSERSN#; 3000 N REF0 ! 
   PARAM G(BCT_A5,ZN;0)  298.15               +GBCTZN#; 1700 N REF0 ! 
   PAR L(BCT_A5,SN,ZN;0) 298.15    +6846.010+24.5560*T; 6000 N REF10 ! 
 
 
 PHASE DIAMOND %  1  1.0  ! 
    CONSTITUENT DIAMOND :SN :  ! 
 
   PARAM G(DIAMOND,SN;0)  200                 +GDIASN#; 3000 N REF11 ! 
 
 
 TYPE_DEFINITION ' GES A_P_D FCC_A1 MAGNETIC  -3.0    2.80000E-01 ! 
 PHASE FCC_A1  %'  2 1   1 ! 
    CONSTITUENT FCC_A1  :LI,SN,ZN : VA% :  ! 
 
$  PARAM G(FCC_A1,LI:VA;0)  200     -108+1.3*T+GHSERLI#; 3000 N REF12 ! 
   PARAM G(FCC_A1,LI:VA;0)  200       +GFCCLI#; 3000 N REF0 ! 
   PARAM G(FCC_A1,SN:VA;0)  298.15    +GFCCSN#; 3000 N REF0 ! 
   PARAM G(FCC_A1,ZN:VA;0)  298.15   +2969.82-1.56968*T+GHSERZN#; 
  1700 N REF12 ! 
 
 
 PHASE BLI2M3  %  2 2   3 ! 
    CONSTITUENT BLI2M3  :LI,ZN : LI,ZN :  ! 
 
   PARAM G(BLI2M3,LI:LI;0)  298.15  +5*GHSERLI#+9307.774; 6000 N REF12 ! 
   PARAM G(BLI2M3,ZN:LI;0)  298.15  +2*GHSERZN#+3*GHSERLI#+84218.37 
  -27.758*T; 6000 N REF12 ! 
   PARAM G(BLI2M3,LI:ZN;0)  298.15  +2*GHSERLI#+3*GHSERZN#-84218.37 
  +27.758*T; 6000 N REF12 ! 
   PARAM G(BLI2M3,ZN:ZN;0)  298.15  +5*GHSERZN#+9307.774; 6000 N REF12 ! 
   PAR L(BLI2M3,LI,ZN:LI;0) 298.15  -87667.34+59.7976*T; 6000 N REF12 ! 
   PAR L(BLI2M3,LI,ZN:LI;1) 298.15  +49513.77-70.0108*T; 6000 N REF12 ! 
   PAR L(BLI2M3,LI:LI,ZN;0) 298.15  +7367.6277+6.9984*T; 6000 N REF12 ! 
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   PAR L(BLI2M3,LI:LI,ZN;1) 298.15     +8734.917-11.9*T; 6000 N REF12 ! 
   PAR L(BLI2M3,ZN:LI,ZN;0) 298.15  +7367.6277+6.9984*T; 6000 N REF12 ! 
   PAR L(BLI2M3,ZN:LI,ZN;1) 298.15     +8734.917-11.9*T; 6000 N REF12 ! 
   PAR L(BLI2M3,LI,ZN:ZN;0) 298.15  -87667.34+59.7976*T; 6000 N REF12 ! 
   PAR L(BLI2M3,LI,ZN:ZN;1) 298.15  +49513.77-70.0108*T; 6000 N REF12 ! 
 
 
 PHASE BLI2M5  %  2 2   5 ! 
    CONSTITUENT BLI2M5  :LI,ZN : ZN :  ! 
 
   PARAM G(BLI2M5,LI:ZN;0)  298.15  +2*GHSERLI#+5*GHSERZN# 
  -122835.945+51.493182*T; 6000 N REF12 ! 
   PARAM G(BLI2M5,ZN:ZN;0)  298.15  +7*GHSERZN#+26766; 6000 N REF12 ! 
   PAR L(BLI2M5,LI,ZN:ZN;0)  298.15       -13440.4616; 6000 N REF12 ! 
   PAR L(BLI2M5,LI,ZN:ZN;1)  298.15       -21665.1744; 6000 N REF12 ! 
 
 
$ THIS PHASE HAS A DISORDERED CONTRIBUTION FROM HCP_A3                   
 PHASE BLIM4  %  3 .2   .8   .5 ! 
    CONSTITUENT BLIM4  :LI,ZN : LI,ZN : VA :  ! 
 
   PARAM G(BLIM4,LI:LI:VA;0) 298.15                    +0; 6000 N ! 
   PAR L(BLIM4,ZN:LI:VA;0)  298.15  +191.117297+.0855478905*T; 
  6000 N REF12 ! 
   PAR L(BLIM4,LI:ZN:VA;0)  298.15  -191.117297-.0855478905*T; 
  6000 N REF12 ! 
   PARA G(BLIM4,ZN:ZN:VA;0) 298.15                     +0; 6000 N ! 
   PAR L(BLIM4,LI,ZN:LI:VA;0) 298.15   +4904.759-1.9606*T; 6000 N REF12 ! 
   PAR L(BLIM4,LI,ZN:LI:VA;1) 298.15  -7361.9444+8.2575*T; 6000 N REF12 ! 
   PAR L(BLIM4,LI:LI,ZN:VA;0) 298.15  +20574.6225-7.41461653*T; 
  6000 N REF12 ! 
   PAR L(BLIM4,LI:LI,ZN:VA;1) 298.15  -29447.7776+33.0299015*T; 
  6000 N REF12 ! 
   PAR L(BLIM4,ZN:LI,ZN:VA;0) 298.15 +19682.1047-7.8141*T; 6000 N REF12 ! 
   PAR L(BLIM4,ZN:LI,ZN:VA;1) 298.15-29447.7776+33.0299015*T;  
  6000 N REF12 ! 
   PAR L(BLIM4,LI,ZN:ZN:VA;0) 298.15  +5159.5184-1.8466*T; 6000 N REF12 ! 
   PAR L(BLIM4,LI,ZN:ZN:VA;1) 298.15  -7361.9444+8.2575*T; 6000 N REF12 ! 
 
 
 TYPE_DEFINITION * GES AMEND_PHASE_DESCRIPTION BLIM4 DIS_PART HCP_A3,,,! 
 TYPE_DEFINITION ( GES A_P_D HCP_A3 MAGNETIC  -3.0    2.80000E-01 ! 
 PHASE HCP_A3  %(*  2 1   .5 ! 
    CONSTITUENT HCP_A3  :LI,SN,ZN% : VA% :  ! 
 
   PARAM G(HCP_A3,LI:VA;0)  200  -154+2*T+GHSERLI#; 3000 N REF:0 ! 
   PARAM G(HC_A3,SN:VA;0)  298.15               +GHCPSN#; 3000 N REF0 ! 
   PARAM G(HCP_A3,ZN:VA;0)  298.15              +GHSERZN#; 1700 N REF0 ! 
   PAR L(HCP_A3,LI,ZN:VA;0)  298.15     -29301.52-.2586*T; 6000 N REF12 ! 
   PAR L(HCP_A3,LI,ZN:VA;1)  298.15    +15702.15+3.5167*T; 6000 N REF12 ! 
   PAR L(HCP_A3,SN,ZN:VA;0) 298.15  +21310.7476+65.5652*T; 6000 N REF10 ! 
 
 
 PHASE LI22SN5  %  2 22   5 ! 
    CONSTITUENT LI22SN5  :LI : SN :  ! 
 
   PAR G(LI22SN5,LI:SN;0) 200 -1095242.7+270*T+22*GHSERLI#+5*GHSERSN#;  
    3000 N REF11 ! 
 
 
 PHASE LI7SN2  %  2 7   2 ! 
    CONSTITUENT LI7SN2  :LI,SN : SN :  ! 
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   PAR G(LI7SN2,SN:SN;0) 200 +27000+9*GHSERSN#; 3000 N REF11 ! 
   PAR G(LI7SN2,LI:SN;0) 200 -383551+81*T+7*GHSERLI#+2*GHSERSN#;  
    3000 N REF11 ! 
   PAR L(LI7SN2,LI,SN:SN;0) 200   +979887.1+9.0115*T; 3000 N REF11 ! 
   PAR L(LI7SN2,LI,SN:SN;1) 200 -1457538.4+27.5363*T; 3000 N REF11 ! 
 
 
 PHASE LI8SN3  %  2 8   3 ! 
    CONSTITUENT LI8SN3  :LI : SN :  ! 
 
   PAR G(LI8SN3,LI:SN;0) 200 -477620.1+90*T+8*GHSERLI#+3*GHSERSN#;  
    3000 N REF11 ! 
 
 
 PHASE LI13SN5  %  2 13   5 ! 
    CONSTITUENT LI13SN5  :LI : SN :  ! 
 
   PAR G(LI13SN5,LI:SN;0) 200 -780902.1+145*T+13*GHSERLI#+5*GHSERSN#;  
    3000 N REF11 ! 
 
 
 PHASE LI5SN2  %  2 5   2 ! 
    CONSTITUENT LI5SN2  :LI : SN :  ! 
 
   PAR G(LI5SN2,LI:SN;0) 200 -302420.0+54*T+5*GHSERLI#+2*GHSERSN#;  
    3000 N REF11 ! 
 
 
 PHASE LI7SN3  %  2 7   3 ! 
    CONSTITUENT LI7SN3  :LI : SN :  ! 
 
   PAR G(LI7SN3,LI:SN;0) 200 -428079.0+75*T+7*GHSERLI#+3*GHSERSN#;  
    3000 N REF11 ! 
 
 
 PHASE LISN  %  2 1   1 ! 
    CONSTITUENT LISN  :LI : LI,SN :  ! 
 
   PAR G(LISN,LI:SN;0) 200 -73198.3+9.85*T+GHSERLI#+GHSERSN#;  
    3000 N REF11 ! 
   PAR G(LISN,LI:LI;0) 200    +6000+2*GHSERLI#; 3000 N REF11 ! 
   PAR L(LISN,LI:LI,SN;0) 200         -45169.2; 3000 N REF11 ! 
   PAR L(LISN,LI:LI,SN;1) 200         +34205.5; 3000 N REF11 ! 
 
 
 PHASE LI2SN5  %  2 2   5 ! 
    CONSTITUENT LI2SN5  :LI : SN :  ! 
 
   PAR G(LI2SN5,LI:SN;0) 200 -196683+90*T+2*GHSERLI#+5*GHSERSN#; 
    3000 N REF11 ! 
 
 
 PHASE LIZN2  %  2 1   2 ! 
    CONSTITUENT LIZN2  :LI : ZN :  ! 
 
   PARAM G(LIZN2,LI:ZN;0)  298.15  +GHSERLI#+2*GHSERZN#-53133.9177 
  +23.4265979*T; 6000 N REF12 ! 
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Appendix D. Other potential elements that could lead to low melting point 
alloys when mixed with Li 

Au, Ba, Ca, Ga, Sr, Zn 
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and to some extent 

In, Mg, Na, Pd, Sb, and Sn 
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in replacement of the commonly used binary Li-Pb system 
 

 
 

N. B.: Other thermodynamically assessed systems that may be relevant for 
this work 
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